DEFENSE DCCUMER

FOR

SCIENTIFIC Axf YECHNICAL INFORHf. !

CAMERON STATICN, ALEXANDRIA, VIRGIKIA ’

}
!
i

|
ﬁ«
1

- b B e

‘¢
1

i




NOTICE: When government or other drawlngs, speci-
fications or other data are used for any purpose
other than in connection with a definitely related
gevernment procurement operation, the U. S,
Government thereby incurs no responsibility, nor any
obligation whatsoever; and the fact that the Govern-
ment may have formulated, furnished, or in any way
supplied the said drawings, specifications, or other
data 1is not to be regarded by implication or other-
wise as in any manner licensing the hoider or any
other person or corporation, or conveylng any rights
or permission to manufacture, use or sell any
patented invention that may in any way be related
thereto.




THIS DOCUMENT IS BEST
QUALITY AVAILABLE. THE COPY
FURNISHED TO DTIC CONTAINED
A SIGNIFICANT NUMBER OF
PAGES WHICH DO NOT
REPRODUCE LEGIBLY.



495406

o 2v-DDC

]

AL
wi

[}

(3!%1" J‘{)'

ASD-TDR-03-020

STRUCTURAL DESIGN
for
ACQUSTIC FATIGUE

TECHNICAL DOCUMENTARY REPORT NO. ASD-TDR-63-820

October 1963

AF Flight Dynamics Laboratory
Research and Technology Division
Air Force Systems Command

Wrignt-Patterson Air Force Base, Ohio

Project 1370, Task 137001

(Prepared under Contract No. AF33(657)-8217
oy Douglas Aireraft Company, Inc.,
Long Beach, California)




NOTICES

When Government drawings, specifications, or other data are used for any
purpose other than in connection with a definitely related Government
procurement operation, the United States Government thereby incurs no
responsioility nor any obligation whatsoever; and the fact that the
Government may have formulated, furnished, or in any way supplied the said
drawings, specifications, or other data, is not to be regarded by implica-
tion or otherwise as in any manner licensing the holder or any other person
or corporation, or conveying any rights or permission to manufacture, use,
or sell any patented invention that may in any way be related thereto.

Qualified requesters may obtaln copies of this report from the Defense

Documentation Center (DDC), (formerly ASTIA), Cameron Station, Bldg 5,
5010 Duke Street, Alexandria 4, Virginia.

This report has been released to the QOffice of Technical Services, US
Departm.nt of Commerce, Washington 25, DC, for sale to the genersl public.

Copies of this report should not be returned to the Aeronautical Systems
Division unless return is reqguired by security considerations, contractual
obligations, or nctice on a specific document.




B W, W ———y—

5 FOREWORD

The research work regnrted herein was ccriliicted by the Aireraft Division,
Douglas Aircraft Company, Inc., Long Beach, California. The work was
administered by the Aero-Acoustic Branch, Vehicle Dynamics Division, AF
Flight Dynamics Laboratory, Research and Technology Division, Wright-
Patterson Air Force Base, Ohio, under Contract No. AF33(657)-8217. This
regs2arch is part of a continuing effort to obtain tolerance levels and
design criteria for flight vehicles which is part of the Air Force Systems
Conmand 's Applied Research Program 750A, "Mechanics of Flight". The work
was conducted under Project 1370, "Dynamic Problems in Flight Vehicles",
Task 137001, "Resonant Fatigue of Structure." Mr. M. J. Cote of the Aero-

Acoustics Branch was the Project Engineer.

The Douglas program was conducted under the direction of Mr. G. E. Anderson,
Chief of the Structures Section, Engineering and Product Development, Air-
craft Division. Mr. P. R. McGowan served as principal investigator aided
by Mr. R. L. Frasca. Additional personnel of both the Structures Section

and the Structural Mechanics Section aided in this project.

Testing in the High Intensity Sound System of the Douglas Santa Monica
Acoustics Lavoratory was under the control of Mr. J. E. Apple assisted by
Mr. M. R. Ballsrd.

The testing and the analysis of the aluminum structure was performed by
Mr. J. D. Van Dyke and Mr. A. L. Eshleman and credit must be extended to

them for these results.

The time period covered by this contract was June 11, 1962 to September 30,
1963.

The ccrresponding Douglas number for this report is LB-31354.
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ABSTRACT

The results of acoustic testing on several types of aircraft structure
are compiled and are used to produce acoustic fatigue design charts.
The theory on which the charts are based is explained. A method of
converting constant amplitude S-N data to random data is presented,

as is a method of converting discrete frequency test results to
equivalent random data. Test results from various other companies

test facllitles are compared.

PUBLICATION REVIEW

This report has been reviewed and is approved.
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SECTION 1 INTRODUCTION

Acoustic fatigue is & subject that is no longer new. However, due to the
many factors which must be considered for design, and allowed to vary for
a comprehensive test program, the amount of data available for general

design purposes is almost nil. To partially eliminate that condition this
study extends results of either discretely or randomly excited structural

acoustic tests through an analytical approach and presents the extended

results as design nomographs.

The source of acoustic excitaticon was considered to be the propulsion system
and the structure of main interest was the lighter structural configuration
common to wing trailing edges, empennage, or fuselage afterbody. These

structural components are most commonly exposed to acoustic environments and

are such that other design criteria is not critical.

The design results as presented are a function of the allowable random
fatigue life of the material. Use of elevated temperature data for this
fatigue life would account for the direct effect on the material of elevated
temperature. No attempt was made to account for the overall effect of
elevated temperature. This depends so greatly on the response of the

ad joining structure that it is beyond the scope of this study. Additionally,
for a majority of the structural components under study the deamage occurs at

takeoff when temperatures are nominal and combined effects are insignificant.

Manuscript released by the author, 30 October 1963, for publication as an
ASD Technical Documentary Report.
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SECTION 2 SUMMARY

This investigation has been directed towards developing design data for
acoustic fatigue. The factors that enter into the design of structures

for acoustic fatigue and the manner in which each of these factors affect
the life of various typical aircraft structure is considered. The acoustic
environments considered are those resulting from typical Jjet propulsion

systems as distinect from aerodynamic noise.

The final results of this study are design charts to ald the designer in
the selection of structural elements to meet the requirements for acoustic
fatigue. These charts are vased on an analytical approach to determine the
relationship of the various parameters which affect the design and are

presented in Section 6.

The analytical expressions developed are for (1) structural mechanical
relationships, (2) equivalent random and discrete acoustic loading or
response and (3) equivalent random and constant amplitude material fatigue
allowable data. These expressions are used in conjunction with the test
results to develop the design charts mentioned above. The analytical

expressions and relationships are developed in Section 5.

The results reported herein cover two phases of the study
1) Study of conventional - subsonic structure

2) Study of advanced structure

The structure considered in the first phase consists of six types fabricated
of 2024ksg-T3, 2024S-Tk or 7075S-T6 aluminum alloy

1) Skin and rib construction

2) sSkin and rib with a doubler at the rib

3) Edge attachments

L) Ribs with lightening holes

5) Beaded inner skin panels

6) Honeycomb panels

ASD-TDR-63-820 2




The second phase of this study is conducted on two types of structure
suitable for a portion of a supersonic or a=srospace vehicle. The
material for construction is titanium 6Al-4V sheet annealed. The test
configurations are:

1) Corrugated inner skin with a single face

2) Skin with welded stringers

A detailed description of the test specimens is presented in Section 3.

The tests were conducted in the Douglas Santa Monica Acoustics Laboratory
faeilities. Either the siren or the random noise generator was used in
these tests. The siren, producing a discrete frequency output, was used
for the conventional -subsonic structure. The random generator, which was
not available in the early part of the program, was used for testing the
advanced structure specimens. This test equipment and the test procedures

employed with each are described fully in Section 4.

Test data were obtained from other sources and, where possible, were
compared with data from this study. Due to data limitations and variation

in test methods, there was little correlation of results. This information

also is presented in Section 4.

ASD-TDR-63-820 3




SECTION 3 TEST SPECIMENS

The test specimens for this progrem are separated into two general types
based on the structure which they represent. These two types of structure
can be defined roughly as 1) Conventional-Subsonic Structure and 2)
Advanced Structure. While variations in basic structure between *“hese
types exist, it will be found that the variation in material and in methods
of assembly are as much a criteria defining the types as is the basic
structural concept. Thus, while the specimens for the first type are all
fabricated from aluminum alloy (2024s-T3, 2024S-Tk or 7075S8-T6), the
advanced specimens are faoricated of titanium 6A1-4V sheet annealed, with

however, one of these specimens being, in form at least, a conventional

skin and stringer.

Both types of specimens are confimed to structure that is most suscegtible

to damage from acoustic fatigue. This normally imposes the two restrictions,

that the parts be in a relatively high level area of the sound field and
that other design criteria dces not dictate such a high strength capaobility
that acoustic fatigue is insignificant as a design factor. Structures which
usually meet both restrictions are the "minimum gage" structure of the wing

trailing edge, wing control surfaces, fuselage afterbody and empennage.

CONVENTIONAL-SUBSONIC STRUCTURE
Simple specimens were evaluated, initially, using the siren to determine the

vest configurations for the various structures. These specimens included

skin and rib box panels with closely spaced rivs which simulate control
surface construction, honeycomb panels, andAbonded—beaded panels. The
materials used were 202435-T3, 2024S-TLk and 7075S-T6 clad sheet. Based on
these tests, various improvements were made and appropriate rib spacing,

rib gages, skin gages and rib lightening holes were determined for a useful
range of sound levels. Skin capability was improved through the use of
bonded skin-doublers at the ribs. These doublers provided a reinforcement
at locations of high stresses near rivet holes. The doublers were scalloped

to reduce stress concentration at their edges. Improvements were made on

ASD-TDR-63-820 I



bead ends to balance the end and center strength. The honeycomb panel edge
designs and attachments were selected. Material gages and other pertinent
dimensions were varied from specimen to specimen within each configuration.
The limits of these dimensions are indicated in the following paragraphs and
the combinations tested are presented in detail in Table L.

The aluminum alloy conventional structures tested were:
1) Skin and rib construction
2) Skin and rib with a doubler at the rib
3) Ribs with lightening holes
L) Beaded inner skin panels
5) Honeycomb panels

The specimen overall dimensions were approximately 3 x 4 feet.

Skin and Ribd

The skin and rib specimens were representative of a control surface section
with ribs joining an upper and a lower skin and shear webs representative
of spars completing the box section. Various combinations of rib and skin
gage and rib spacing were tested within the following limits:

Skin gage 025 - 063
Rib gage 032 - . 063
Rib spacing 4.0 - 9.5 inches

Skin and Rib with Doubler

These specimens were fabricated as indicated in the previous paragraph with
a finger or scalloped doubler bonded to the skin at the rib locations.
Specimens were fabricated with doublers of various thicknesses but generally
within one gage of the skin itself. These specimens ranged within the
following limits:

Skin gage .020 - .050
Rib thickness .OkO - .063
Doubler thickness .012 - .032
Rib spacing 4 and 8 inches

ASD-TDR-63-820




Rib with Lightening Hole

The affect of lightening holes on rits was evaluated in thembox specimens
in conyjunction with the other panels. The ribs had standard."c" flange
stiffened edges on the cutouts. The ends of the cutouts were circular in
gshape with two alternate radii, 1-1/8 inch or three inches. The rib
thicknesses varied from .050 to .032. The lengthsof the lightening holes
tested were either three or 13-1/2 inches.

Beaded Inner Skin Panels

Panels with various forms of beaded inner skins were tested and most failed
through the bead end. Redesign developed a bead end which was equally
fatigue resistant with the other parts of the panel. Only the test results
for this improved vead, descrived below, are presented herein. The bpeads
tested were one inch deep and the material was .020 in thickness. The width

and length were 5-1/8 and 29-1/2 inches, respectively.

Honeycomb Panels

The honeycomb panels were sandwich construction with the aluminum face sheets
bonded to the aluminum core. A formed doubler was added around the edges
and the edge core was stiffened by the addition of a foam filler. The

panels tested were square, 21 inches on a side, and the overall thickness
was 7/16 inches.

ADVANCED STRUCTURE

The advanced panels tested in this program are of two basic types. These
represent control surface and trailing edge structure, areas susceptible
to acoustic fatigue. The material for all items, with the exception of
the lower surface in the stringer configuration, is titanium 6Al-4V sheet
annealed. Mechanical properties for this material are shown in Table 1.
This lower surface is aluminum of a thickness to simulate the stiffness of

the "built-up” test surface but offers simplicity for fabrication.

ASD-TDR-63-820 6




TABLE 1
MECHANICAL PROPERTIES

Titanium 6ALl-4V Annealed Sheet (.020 - .187)

Mil-Hdbk-5, "A" Value

r3
"

130.0 ksi (Long)

tu
130.0 ksi (Trans)
Fio = 120.0 ksi (Long)
120.0 ksi (Trans)
FCy = 126.0 ksi (Long)
126.0 ksi (Trans)
Fou = 76.0 ksi
Foru = 244.0 ksi (e/D = 2.0)
pbry = 198.0 ksi (e/D = 2.0)
E = 15.4 x 106 psi (Long)
16.4 x 106 psi (Trans)
E, = 16.0 x 106 psi (Long)
6 .
16.9 x 10 psi (Trans)
€ = 10.0% (Long)

10.0% (Trans)

L.6 x 10'6 in/in/°F (70 - 200°F)

(0 =)
" = .33 (Long)
.32 (Trans)
w = .160 - .161 lb/in3

ASD-TDR-63-820 7



Corrugated Inner Skin with a Single Face

The configuration proposed for a control surface is a corrugation stiffened
panel with formed angles, representative of spar caps, at each end and
running normal to the direction of the corrugations. Welded tees, representa-
tive of rib caps, parallel to the corrugations, located at the ends and two
positions in the central portion of the panel, are clipped to the spar cap
angles and form three bays. Formed angles in each bay are positioned against
the lower crest of and transverse to the direction of the corrugation to tie
each end to the spar cap. These two attachments are by spotwelds as is the
corrugation to skin, the skin to spar cap and the rib clips to spar. The
ribs are fastened through the skin and corrugation by A286 rivets, 5/32
inches in diameter. The corrugations extend in the chordwise direction.

This orientation permits the rib cap to tie directly to the outer skin

and the inner skin tc efficiently work with the outer skin to supply a
torsionally stiff path for actuation loads. Under conditions of spanwise
bending, the inner skin will offer very little restraint which will result

in a comparatively fiexible structure. This condition will alleviate the
induced loads which result from deflection of the supporting surface. This
construction also eliminates the need for rib cutouts which increase the
fatigue susceptibility. These panels overall are 24 by 36 inches. The

combination of skin and corrugation thicknesses tested is indicated below:

Quter Skin Thickness Corrugation Thickness
.025 .016
.025 .020
.020 .016
.020 .020

Photographs of these panels are presented in Figures 1 and 2. The manner
of selecting the skin and corrugation test combinations is presented in

Appendix I.

ASD-TDR-63-820 8
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gkin with Welded Stringers

The trailing edge structure, in form, is a conventional skin-stringer-rib

configuration. The panels are supported by a representative sub-structure

consisting of four ribs, a front and rear spar and a lower closing panel.
The structure is unusual In that it is of &all welded construction and the

stringer-skin attachment is achieved by means of a melt-thru weld process.

The stringer does not have & flat against the skin but the web is welded

directly to the skin eliminating duplicate area at this point. The attach-

ments of the ribs, skin and spars is all by resistance spotwelds. At the
stringer-rib intersection, the two elements are clipped together to prevent

stringer rolling. This attachment is by resistance spotweld to the rib but

the attachment to the stringers is by fusion spotwelds. These panels have

overall dimensions of 24 by 36 inches with the stringers running in the
longer direction, approximately four inches on center. The stringers are

.032 inches thick material and are formed by using a melt-thru weld to form
a tee which is then welded to the skin.
.025 and .020.

Two skin thicknesses were tested:
Photograrhs of the panels are presented in Figures 3 thru 5.

ASD-TDR-63-820 1
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SECTION 4 TESTING - FACILITIES, PROCEDURES, RESULTS

The testing in this investigation was conducted for the mcst part in one of
two test facilities at the Douglas Company Acoustics and Vibration laboratory
in the Santa Monica Division. 1In addition, some of the tests on the conven-
tional structure were conducted in the noige field of an actual Jjet engine.

The following paragraphs describe the test facilities, the test procedures
and present the test results.

TEST FACILITIES

The two test facilities lccated at the Santa Monice Division consist of a

siren of Douglas design and & High Intensity Sound System (HISS) designed by
the Ling-Altec Company.

Siren

The siren produces discrete frequency noise up to a sound pressure level of
160 db. The available frequency range is from 50 to 1000 cps. Air for this
facility is furnished by & squirrel cage blower drivea by a 100 horsepower
motor. The air passes through the siren which is driven by a variable speed
motor and produces noise of the required frequency. This noise passes
through an expansion horn to the test section where it impinges on the test

specimen with a grazing incidence. Test panels can be accommodated up to
3 feet by 4 feet in size.

High Intensity Sound System (HISS)

The HISS is an electrically controlled system which has & capability of
reproducing random, sinusoidal or a taped signal as desired. The limitations
are an overall output of 170 db random and a frequency range of 50 to 10,000
cps. The random output is adjustable in octave band widths. The air for
this equipment is supplied from a plant compressor and is used up to 50 psi.
The air flow 1s modulated by an electrical signal to the ten transducers in
the system to produce the desired noise. This noise then passes through

exponential horns to the test section when it impinges on the specimen with

ASD-TDR-63-820 15




a grazing incidence. The test section has a width of six inches and is
capable of accommodating test specimens up to 5 feet by 10 feet in size.

A general view is shown in Figure 6.

The instrumentation is by Brllel and Kjaer and provides & capability of using
up to 50 strain gages with an automatic selector type 1542 which monitors
the gages in sequence. Strain gage response was viewed on a 502 dual beam
oscilloscope. Peak and RMS strains were read off a voltmeter. A level
recorder type 2305 in conjunction with a beat frequency oscillator type 101k
was used to determine strain response as & function of frequency. A multiple
octave band equalizer was used to obtain the desired shape spectrum. This
spectrum was checked with an octave band noise analyzer type 1350-A. Strain
gage output was recorded on an Ampex 600 magnetic tape recorder. This tape
is reduced through use of a Techno analyzer. During the test, an audio
frequency spectrometer type 2112 which filters to 1/3 octave band was used.
A 527B power supply and a 30 db amplifier model 4L42C were also used.

TEST PROCEDURE

The test procedure varied slightly with the two facilities to accommodate the
differences in equipment. For each of the facilities, however, the specimens
were firgt excited with a stress-coat applied to the surface to determine the
most appropriate location for strain gages. Photographs showing typical

stress-coat results and strain gage positions are shown in Figures 7 through 16.
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FIGURE 7 CORRUGATED PANE
L INSTALLED FOR TEST (
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Siren Test Procedure

In conducting the siren tests on the specimens with strain gages installed,
the resonant frequencies were determined by exciting the panel at a low sound
pressure level in increasing frequencies and noting those of most response.

A more detailed survey was then made of the points of interest and the critical
frequency was determined with the variation in response of near frequencies
to permit determination of the damping factor. Mode shapes were determined
through the use of a stroboscopic light. Response readings were taken at
each of the critical frequencies while varying the sound pressure level.

This data results in a linearity factor as explained in Section 5. After
these data were obtained the specimens were tested to failure. To accomplish
this the panels were exposed to a chosen lower intensity sound level at each
of the more critical frequencies for a period of 20 minutes. If failure did
not occur, the sound pressure level was increased 3 db and the specimens

again excited at each frequency for 20 minutes. This was repeated until

failure occurred.

HISS Test Procedure

In using the HISS equipment, the test procedure was similar to that described
above. The strain gaged speclmen was first excited by a low level random
noise to determine which of the gages were indicating the most critical stress
to establish limits of pre-fatigue test noise levels. Using a sinusoidal
excitation, critical frequencies and mode shapes were determined. Linearity
data were then determined as indicated for the siren. The fatigue portion of
the test was then conducted, using a white noise excitation. Testing was

all at a single sound presgure level for each panel. The manner in which an
appropriate test level was arrived at is indicated below. Testing was
conducted for various periods of time varying fram three minute intervals

at the start of a run to 15 minute intervals after completion of an hour of
excitation.

The preliminary analysis showed that the corrugated panels with the equal
thickness corrugations had almost equal critical stress levels for the same
noise input. Thus, these four panels were tested in two sets of two each.

The skin and stringer panels were tested individually.
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Test Sound Pressure Levels

The test sound pressure levels were chosen at a level which was computed

to cause failure in approximately one hour of testing. For the corrugated
panels this was 134 dbR per cps and 128 dbR per cps for the skin and
stringer panels. Within the ability of the test equipment to produce white
noise at these levels, the overall equivalents from test were 163-1/2 and
158-1/2 dbR, respectively. The method employed to arrive at an appropriate
test level is detailed in the following paragraphs.

The two general types of configurations being tested, (skin-stringer, and
corrugation) were analysed through the use of a Douglas developed computer
program. This program considers an element of the panel as a two-dimensional
beam with multiple supports cf varied translational and rotational stiffnesses.

The critical stress and frequency for the beam are obtained as part of the
program output.

To determine the test sound pressure level to cause failure in a given time,
for example: one hour, the following procedure was followed. Using the
computer progrem, the critical stress is determined for a trial sound pressure
level (131 db or .0l psi was used). The program &lso indicates the critical
frequency which permits an analytical determination of the number of load
cycles which are applied in one hour. Having the number of cycles and making
use of the appropriate random fatigue curve, the random stress corresponding
to this life is determined. A simple proportion, based on the computed
pressure and stress, determines the pressure which should be applied to cause
test failure in the desired time. This method was employed for all the
titanium specimens. The skin and stringer panels were checked both normal
and parallel to the stringer direction while the corrugated panels were

checked only in the direction of the corrugations. A sample calculation is

presented below.

The skin and stringer is checked in the direction of the stringer. The

assumed beam is a stringer with its adjacent skin supported at the four rib

points.
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The computer program indicated that the maximum stress occurred in the

middle of the short bay with the following analytical results:’

P = .01 psi (131 db)
2 _

o = 7950 psi (max)

f = 970 cps

Nl hour = 3.5 X% lOb

From the titanium random S-N curve, stress for failure in one hour

(3.9 x 106 cycles) is:

%1 hour = 22,800 psi
and the pressure to cause this stress
P P 02
R 1 hour = °R 1 hour = .029 psi (140 dbd) (1)

o

Computations are presented in Tavle 2 for the pressure to cause failure at
various numbers of cycles for each of the titanium tes® specimens and the

results are plotted in Figures 17 and 18.

The computer results for each of the cases are presented in Table alon
& 1 s

with the selected test conditions.
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Table 2

CALCULATED VARIATION OF SOUND PRESSURE LEVEL WITH TEST PANEL LIFE

/ 2
N o P, P, P3 P),
105 Lk , 000 .00993 .01363 .0190 .0216
3 x 10° 36,000 .00813 .Ol11k .01555 .OLT76k
106 29,500 .00666 .00913 .0127 .OLllh
3 x 106 26,000 .00587 .00806 .01123 .0L275
107 23,000  .00518 .00713 .00995 .01127
3 x 107 22,000 00496 . 00682 .00953 .01077
108 21,000 .00473 . 00650 . 00907 .0103
3 x 108 20,000 .00L451 .00620 .00865 .0098
P, = (.01) yo? - Skin-Stringer (t_ = .020")
LE,300 8
P, = (.01) Vo? - Skin-Stringer (t_ = .025")
32,270 &
P3 = (.01) {o? - Corrugation (‘cs = .020")
23,1k0
(tc = 0016")
P, = (.01) y o8 - Corrugation (t_ = .025")
20, )400 (t = .020" )
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Fyu= 130,000 PSI—

PRESSURE PS1 X 10 3

CORRUGATED SPECIMENS
T 6AL = Lv
LIMITS FOR SELECTION OF TEST LEVEL
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FIGURE 17 RANDOM LIFE VS PRESSURE CORRUGATED PANEL
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TEST RESULTS

The following paragraphs discuss the test results available from this program.

These results are presented in a tabular form.

Conventional -Subsonic Structure

The data for the conventional structure was obtained from tests which were
conducted from 1956 through 1958. The required data from these tests are
presented in Table U4 but mucii of the related detail is not available.

Advanced Structure

The corrugated skin and the skin and stringer specimen results which were

tested with a random sound pressure are discussed below.

The .016 corrugated skin panels were tested first. The first failure occurred
in the panel with the .020 outside skin after 10 minutes of excitation. These
failures were of' two types. Cracks occurred in the corrugation crests at the
ends and extended down the side of the corrugation. Two of these cracks had
occurred at the 10 minute period. The other failure type was in the attach-
ment of the corrugation to the formed angle which connected the corrugation

to the spar cap. In these failures the spotweld pulled out of the corrugation.

These failures continued at different locations on the panel for the duration
of the test run. A third type of failure occurred along the skin to spar

cap row of welds after 19 minutes. These failures occurred first at the 1/3
points of the center panel. At this point, the panel was considered to have
failed completely. It was allowed to remain in the test position, however,
until completion of testing on the companion panel. The test failures are

shown in the photographs in Figures 19 and 20.

The companion panel with the same .0l6 thick corrugation but with .025 skin
experienced the same failure types but these did not occur until 13 minutes

of run time had elapsed. The extension of the failures in this panel was also
delayed. The first failure in the skin to spar cap attach did not occur

until after 79 minutes of excitation.

ASD-TDR-63-820 3




Table 4
SUMMARY OF TEST RESULTS

SKIN AND RIB CONSTRUCTION

j ' i o ao i)
8 .0ko .0k0 202 157 50
8 .050 .050 223 160 Lo
8 .063 .063 315 160 60
6 .032 .032 366 154 20
L .025 .0kO 480 153 1
L .025 .032 25T 156 10
L 025 .0kO 168 150 10
" .025 .032 376 153 65
9.5 .050 .063 171 153 20
9.5 .050 .063 163 150 60
SKIN AND RIB WITH A DOUBLER AT THE RIB
S t t ta (gps) do* (m?n)
N .032 .050 .020 333 163 10
i .025 .0lO .016 380 166 22
8 .050 .063 .032 397 160 40
I .020 .0LO .0l2 k400 163 20
u .032 .050 .020 333 163 26
RIB WITH A LIGHTENING HOLE
S R L t e h f db* T
i (cps) (min)
L 3 13.5 .0LkO 1/2 3 393 1k9 21
I 3 13.5 .050 1/2 3 368 153 29
L 1-1/8 3 .032 3/8 1-3/L 333 163 10
b 1-1/6 3 .050 3/8 1-3/b 318 151 4o
L 1-1/8 3 .032 3/8 1-3/kL 362 160 20
6 1-1/8 3 .032 3/6 1-3/4 366 15k 20
L 1-1/8 3 .032 3/8 1-3/4 376 L7 10
*mDiscrete Frequency

) 36
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Table 4 (cont)

WELDED SKIN AND STRINGER PANELS

¥*3¢
S t £ dog T Type
(cps) (min) Failure

L .025 280 128 90 Skin

L .025 286 128 10 Attachment

L .020 215 128 10 Skin

L .020 215 128 10 Attachment

CORRUGATED PANELS

° ! "2 ! ! dbR** (:in) gzgiure
23 .025 .020 <75 150 134 16 Corrugation
23 .025 .020 .75 150 134 Lo Attachment
23 .025 .020 .75 150 134 60 Edge
23 .025 .016 .75 215 134 13 Corrugation
23 .025 .016 .75 215 13k 13 Attachment
23 .025 .016 .75 215 134 79 Edge
23 .020 .020 .75 148 134 1k Corrugation
23 .020 .020 .75 148 134 25 Attachment
23 .020 .020 o 75 148 134 60 Edge
23 .020 .016 .75 123 134 10 Corrugation
23 .020 .0l6 .75 123 134 10 Attachment
23 .020 .0lb <75 123 13k 19 Edge

** White noise
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FIGURE 19 CORRUGATED PANEL FAILURES EDGE
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FIGURE 20 CORRUGATED PANEL FAILURES CORRUGATION

Lo



The other set of corrugated panels failed in a manner similar to that described
above for the first set. 1In these panels, however, due to the thicker .020

corrugation, the spotwelds did not pull out eand failurs at this point occurred

within the attaching angle. The cracks in the corrugation cccurred as before.

The first failure in the corrugation occurred at 1lh4 minutes for the .020 ocuter

skin panel and at 16 minutes for the .025 outer skin panel. The angle failure
which did propagate though the spotwelds occurred at 40 minutes and 25 minutes

for the .020 and .025 skin panels respectively. In these panels, the skin to

spar cap failures occurred at 60 minutes for each.

The skin and stringer panels were tested as an element of a complete box
structure. The first failures occurred in the substructure attachments. 1In

the .025 skin panel cracks were observed across several of the fusion spotwelds
which attached the stringer to rib clips on to the stringer after 10 minutes of
testing. These cracks did not propagate into the clip proper until approximately
50 minutes after which complete failure of a few of the clips occurred rather

rapidly. In approximately the same time period some of the fusion welds failed

leaving the clips unattached to the stringer. An additional substructure
failure which occurred was in the rib at the clip attach. Cracks were initiated
at the clip to rib spotweld and propagated approximately l/h-inch to the
stringer cutout on the rib. These failures were first observed at 24 minutes.
No failure of the rib proper or of a stringer occurred. The critical failure
within this panel occurred in the .025 skin along the short edge of one of the
small panels defined by the stringer and rib grid. The failure was along the
line of spotweld skin to rib flange attach and occurred after 90 minutes of

excitation. This failure is shown in Figure 21.

The skin and stringer panel with the thinner .020 skin experienced very little
substructure damage before critical damage occurred in the skin at 10 minutes.
This failure occurred in two locations on the panel and was along the stringer
and had extended the full length of the bay between ribs in each case. Photo-

graphs of these failures are shown in Figures 22 and 23.
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FIGURE 21 SKIN AND STRINGER FAILURE SKIN AT RIB
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COMPARISON WITH OTHER TEST DATA

Results of acoustic tests from various companies is presented along with
pertinent test data in Table 5. A method of comparing test results to the
predicted results from the Douglas design charts is given, and comparisons

made using the method are presented in tabular form grouped according to

company .

The testing as performed by these companies was for a normal incidence with
no ovaffling of the sound pressure while the Douglas tests were conducted
using grazing incidence with an infinite baffle. Either grazing or normal
incidence could be more representative of actual conditions depending on the
location and type of structure being considered. Another variation in test
technique was in the test frequency. The other companies in general tested
at only the lowest resonant frequency. The Douglas procedure consisted of
exciting the specimen at each of the resonant frequencies at each sound
pressure level which more nearly simulates the broad band excitation of
actual engine exposure. The stresses from the several modes were then combined
to compute & "multi-mode factor" which was applied to reduce the apparent

single mode allowable stress at the critical frequency.

The Douglas results indicated a lower allowable SPL than the other tests and
the differences probably are attributable to two factors. The above indicated
discrepancy in test procedures probavly contributes appreciably to the
variation in predicted and test results. In addition, the panels for both the
Martin and the Boeing tests were curved. Limited Douglas data indicates that
curvature can increase the allowable SPL from 7 to 14 db. The Douglas method
is the most conservative and where it differs, it is on the safe side, which

is appropriate for design.

The coorperation of the companies supplying these data is appreciated.

Boeing

These pailels were tested at normal incidence in front of a siren fitted with
an exponential horn. A typical control panel was tested at 143 db, at its

resonant frequency of 125 cps and lasted 7.0 hours. To use the Douglas design

b5
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charts, the conversion of discrete pressure (PH) to random pressure (PR)

through the use of the following equation was made:

/52 - (n5£)Y/? (2)
°n P
H
.= () ({‘3’2 ) /(x8)2 (5 = .01 assumed) (3)
H
N = (125 cps) (60 sec/min) (60 min/hr) (7.0 hr)
N = 3.15 x 106 cycles to failure

Using random and normal S-N curves for 2024-Th, the panel material, the
random stress ( Vfgré), and harmonic stress (UH), corresponding to the number
of cycles to failure (N), were found to be 8500 and 18,300 psi respectively.
The peak harmonic stress is converted to an RMS stress (oH) by multiplying

by .707. Assuming a 3 db correction to the indicated test level for band
width effect and converting from decibels to psi,PH,is .029 psi. PR was
computed to be .00962 psi or 130.5 dbR A 3 db correction was found to be
appropriate in the Douglas siren facility for modifying unfiltered data.

The panel parameters neceésary for use with the design charts to determine

the random db level for which failure will occur are: 1life, skin thickness

(t), and rib spacing (S). For these panels, t = .04O inches aud S = 8 inches.

Under these conditions, for the same life and 3.15 x 106 cycles, the Douglas

chart indicates this panel should have failed with a random loading of 120.0 dbp

General Dynamics

The specimens were subjected to sonic vibration at resonant frequencies. A
typical panel subjected to 158 db overall SPL had a resonant frequency of 4Ol
cps for 59 minutes at which time the resonant frequency changed to 410 cps
and failure occurred 31 minutes later. This panel had a t = .060 inches and
S = 7 inches. Under these conditions, following the previous method of

analysis, for the same life, the actual and the critical PR
140.0 and 131.0 db respectively. The panel material used was 7075-T6. The

were found to be

values for support spacing were scaled.
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Martin-Denver

Each specimen was edge supported by knife edges to permit flexure while static
cocmpressive loads were applied to simulate expected forces during lift off.
The panels were subjected to sonic vibration at resonant frequencles by an

exponential horn coupled to a discrete frequency siren noise generator.

For these data, the